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Abstract
Rab3 proteins (isoforms A, B, C and D) are low molecular weight GTP-binding proteins proposed to be involved in
regulated exocytosis. In the present study, Rab3 protein expression and localization was examined in rat parotid gland by
reverse transcription (rt) PCR, Western blotting and immunocytochemistry. An V200 bp PCR product was obtained from
parotid RNA by rtPCR and this fragment was cloned and sequenced. Nucleotide and deduced amino acid sequences
obtained from five clones were identical to rab3D. Membrane and cytosolic fractions prepared from parotid acini were
immunoblotted with antisera specific for each of the four Rab3 isoforms. A 28 kDa protein was detected with Rab3D-
specific antisera in both fractions with staining being more intense in the membrane fraction. No other Rab3 isoforms were
detected by immunoblotting, a result consistent with those obtained by rtPCR. Rab3D was enriched in zymogen granule
membranes and Triton X-114 extraction revealed that this isoform is predominantly lipid-modified in parotid. Localization
of Rab3D was done on frozen sections of parotid gland by immunofluorescence microscopy. Staining was observed primarily
in the acinar cells and was adjacent to the acinar lumen. Incubation of dispersed acini with isoproterenol and substance P
stimulated amylase secretion 4- and 2-fold above basal, respectively. Isoproterenol, but not substance P, induced
redistribution of Rab3D from the cytosol to the membrane fraction in dispersed parotid acini. Consistent with these findings,
isoproterenol injections into fasted rats also resulted in increased membrane-associated Rab3D in the parotid acini. These
results indicate that Rab3D is: (1) the major Rab3 isoform expressed in rat parotid gland; (2) localized to zymogen granule
membranes; and (3) involved with regulated enzyme secretion in acinar cells. ß 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction
In the parotid gland, agonist-induced amylase se-
cretion is mediated by cAMP- and calcium-depend-
ent pathways (see [1,2] for reviews). L-Adrenergic
agents, like isoproterenol, activate adenylyl cyclase
and increase cellular levels of cAMP. Muscarinic ag-
onists, K-adrenergic agents and neuropeptides, such
as substance P, activate phospholipase C, which hy-
drolyzes phosphatidylinositol 4,5-bisphosphate and
produces inositol-1,4,5-trisphosphate (IP3) and di-
acylglycerol (DAG). IP3 mobilizes calcium from in-
tracellular stores, while DAG activates protein ki-
nase C [3,4]. In parotid acini, agents which increase
cellular cAMP levels are more e⁄cacious secre-
tagogues than agents which increase cellular calcium
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concentrations. Moreover, simultaneous activation
of cAMP- and calcium-dependent pathways results
in potentiation of amylase secretion [5,6]. Never-
theless, the molecular mechanisms and intracellular
events involved with regulated exocytosis in parotid
acinar cells are not completely understood.
Low molecular weight (LMW) GTP-binding pro-
teins belonging to the rab family are believed to be
involved in all stages of vesicular transport and
membrane fusion in eukaryotic cells [7,8]. More
than 30 Rab proteins have been identi¢ed and each
is associated with a speci¢c membrane compartment.
Like other guanine nucleotide-binding proteins, Rab
proteins cycle through GTP- and GDP-bound forms
and this cycle is related to their function. Rab pro-
teins are post-translationally modi¢ed by the addi-
tion of two geranylgeranyl moieties that are attached
to cysteine residues at the carboxyl terminus and this
modi¢cation is essential for membrane binding [9]. In
addition, several accessory proteins have been iden-
ti¢ed which a¡ect the guanine nucleotide binding
state and/or localization of Rab proteins. For exam-
ple, rab-GDP dissociation inhibitor (rab-GDI) main-
tains Rab proteins in the GDP-bound or inactive
state and is involved with the delivery of Rab pro-
teins to their target membrane (for review, see [10]).
More recently, a Rab3 protein speci¢c GDP/GTP
exchange protein has been puri¢ed from rat brain
[11].
Four Rab3 isoforms (A, B, C and D) have been
cloned [12,13] and are believed to be involved with
regulated exocytosis [14]. Rab3A and Rab3C are as-
sociated with synaptic vesicles in neurons [15^17],
whereas Rab3D is localized to zymogen granules in
pancreatic and parotid acinar cells, and chief cells
[18^21]. Molecular studies have revealed that Rab3
isoforms have distinct functional roles with respect to
secretion. For example, overexpression of Rab3A
mutants de¢cient in their ability to hydrolyze GTP
inhibits calcium-dependent secretion in PC12 cells
[22]. Hence, it has been suggested that GTP-bound
Rab3A maintains the assembly of an inhibitory com-
plex that prevents the fusion of secretory granule and
plasma membranes until acted upon by an external
signal, such as calcium, resulting in GTP hydrolysis
[14,23]. In contrast, antisense oligonucleotides di-
rected against Rab3B cells inhibit calcium-induced
secretion in rat anterior pituitary cells [24] and
Rab3B overexpression in PC12 cells results in an
increase in calcium-induced exocytosis [25]. In trans-
genic mice overexpressing Rab3D in the pancreas,
agonist-induced amylase secretion is augmented
[26]. These studies indicate that Rab3B and Rab3D
facilitate secretion. Because of the distinct roles Rab3
isoforms may play in secretion, it is necessary to
identify the speci¢c Rab3 isoform(s) expressed in a
secretory cell before attempting to evaluate their role
in secretion.
Regulated exocytosis is a major function of the
parotid gland. Although Rab3D has been identi¢ed
in parotid acinar cells by immunocytochemistry [19],
the expression of other Rab3 isoforms and their in-
volvement in secretion has not been examined in this
organ. In the present study, Rab3 protein expression
and distribution was studied in rat parotid gland by
reverse transcription (rt) PCR, Western blotting and
immunocytochemistry. In addition, to assess the in-
volvement of these proteins in amylase secretion, the
e¡ects of secretagogues on the subcellular localiza-
tion of Rab3 proteins in this tissue were also exam-
ined.
2. Materials and methods
2.1. Antibodies
Antiserum speci¢c for Rab3C was provided by Dr.
Yijuang Chern (Institute of Biomedical Sciences, Tai-
wan). Mouse monoclonal antibodies speci¢c for
Rab3A and Rab3 isoforms were provided by Dr.
Reinhard Jahn (Yale University Medical Center,
New Haven, CT, USA). Rab3B antiserum was ob-
tained from Santa Cruz Biotechnology, CA, USA.
Antiserum which recognizes Rab3D was raised in
rabbits using mouse recombinant Rab3D as an anti-
gen. Recombinant Rab3D and rab-GDIK were ex-
pressed in Escherichia coli as his-tagged proteins.
2.2. Materials
Male Sprague-Dawley rats were obtained from
CAMM Research Lab Animals, NJ, USA; collage-
nase (CLS II) from Worthington Biochemical, NJ,
USA; hyaluronidase (Sigma type I), fraction V bo-
vine serum albumin (BSA), EGTA, leupeptin, Triton
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X-114 and adenosine triphosphate (ATP) from Sig-
ma, MO, USA; isoproterenol and substance P from
Calbiochem, CA, USA; Phadebas amylase test and
prestained molecular weight markers from Pharma-
cia Diagnostics AB, Sweden.
2.3. Preparation of dispersed parotid acini
Parotid acini were prepared according to the meth-
od of Horn et al. [27]. Rats (150^200 g) were as-
phyxiated with carbon dioxide and the parotid
glands were excised. Parotid glands were dissected
free of fat, connective tissue and lymph nodes and
placed in incubation medium (Hanks’ balanced salt
solution supplemented with 0.81 mM MgSO4, 1.28
mM CaCl2, 33 mM HEPES (pH 7.4) and 0.01%
BSA). The glands were minced with scissors (300
strokes) and placed in 15 ml of incubation medium
containing 0.1 mg/ml hyaluronidase and 100 U/ml
collagenase, gassed with O2 and placed in a Dubno¡
metabolic shaker at 37‡C and 110 rpm. At 20 min
intervals, the tissue was gassed and dispersed by trit-
uration through a 10 ml pipette. After 80 min, the
cells were washed ¢ve times and resuspended in in-
cubation medium.
2.4. rtPCR cloning and sequencing of rab3 fragments
Total RNA was isolated from parotid or brain
using RNAzol B (Biotecx Laboratories, TX, USA).
The procedure for RNA isolation is based upon the
method of Chomczynski and Sacchi [28]. Approxi-
mately 1 Wg of total RNA was reverse transcribed
at 42‡C for 15 min with a mixture of Moloney mur-
ine leukemia virus reverse transcriptase (2.5 U/Wl),
random hexamers (2.5 WM) and 1 mM each dNTP.
The cDNA products were subjected to PCR using
primers for rab3 proteins and glycero-3-phosphate
dehydrogenase (GPD) as a control. The rab3 primers
target a region speci¢c for rab3 proteins
(DQNFDYM) and a region that is highly conserved
between rab proteins (WDTAGQE) [12,13,29]. The
primers are degenerate and £ank a region of approx-
imately 200 bp. The primers for rab3: 5P-GAY-
CAR-AAY-TTY-GAY-TAY-ATG-3P and 5P-YTC-
YTG-NCC-NGC-NGT-RTC-CCA-3P, where R is
A or G; Y is C or T; and N is any nucleotide.
The primers for GPD: 5P-CAT-CAT-CCC-TGC-
CTC-TAC-TGG-CG-3P and 5P-CCT-GGT-GCT-
CAG-TGT-AGC-CCA-GG-3P. The GPD primers
£ank a region of approximately 226 bp. For PCR,
cDNA and 4 WM of each primer in a 100 Wl reaction
mix containing 2 mM MgCl2 was used. The temper-
ature cycles were as follows: 15 s at 94‡C, 30 s at
45‡C and 20 s at 72‡C. PCR products were separated
on 6% acrylamide gels and detected by ethidium bro-
mide staining. The PCR products obtained were
spliced into the pCR II plasmid (TA cloning kit,
Invitrogen, CA, USA), cloned and sequenced on a
Model 373 automated sequencer (Applied Biosys-
tems).
2.5. Preparation of subcellular fractions
Dispersed parotid acini were washed twice in PBS,
then resuspended in sonication bu¡er (20 mM Tris-
HCl [pH 7.0], 1 mM EGTA, 6 mM MgCl2, 1 mM
DTT, 1 Wg/ml aprotinin, 1 Wg/ml leupeptin and 1 mM
PMSF). The acini were sonicated (3U10 s bursts)
and centrifuged at 100 000Ug for 40 min. The pellet
represents the membrane fraction and the super-
natant the cytosol. The membranes were resuspended
in a volume of sonication bu¡er equal to that of the
cytosolic fraction. The fractions were either used
immediately or stored frozen at 380‡C.
Zymogen granules from parotid glands were iso-
lated essentially as described by Arvan and Castle
[30]. Rats were fasted overnight and parotid glands
were excised and cleaned of connective tissue, fat and
lymph nodes and homogenized in 5 volumes of ho-
mogenization bu¡er (2 mM MOPS [pH 7.2], 0.3 M
sucrose, 0.2 mM MgCl2) using a hand held tissue
tearer (Biospec Products). The resulting suspension
was centrifuged at 300Ug for 3 min to remove nuclei
and intact cells. The post-nuclear supernatant (PNS)
was adjusted to 1.2 mM EDTA and centrifuged at
1900Ug for 10 min to obtain a crude granule frac-
tion. The pellet was resuspended in 6 ml Percoll bu¡-
er A (9 mM MOPS, 57% Percoll, 0.3 M sucrose,
1.1 mM EDTA and 0.07 mM MgCl2) and placed
over 2 ml of Percoll bu¡er B (12 mM MOPS, 86%
Percoll, 0.3 M sucrose, 1 mM EDTA) and centri-
fuged at 14 000 rpm for 30 min in a Sorvall SS-34
rotor. A white band of zymogen granules was
present in the lower portion of the self-formed gra-
dient, while other organelles were near the top. The
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granule fraction was collected and washed twice with
20 mM MOPS (pH 7.2), 0.3 M sucrose at 2300Ug
for 20 min. The granule fraction was enriched ap-
prox. 3-fold in amylase activity. Granule membranes
and soluble fractions were obtained by freeze-thaw-
ing the granules, followed by centrifugation for
40 min at 100 000Ug. The resulting supernatant
and pellet represented the soluble and membrane
granule fractions, respectively. All fractions were
assayed for protein content using the Bio-Rad Pro-
tein Assay (Bio-Rad Laboratories, CA, USA).
2.6. Western blotting
Aliquots of samples were mixed with equal vol-
umes of 2USDS-electrophoresis sample solution.
Samples were separated by SDS-polyacrylamide
(12%) gel electrophoresis and transferred to nitrocel-
lulose. Nitrocellulose strips were incubated with 1%
BSA in TBST (50 mM Tris, pH 7.5, 0.15 M NaCl,
0.05% Tween-20) for s 2 h to block non-speci¢c
binding. The blots were then incubated overnight
with TBST+BSA containing the primary antibody
at the appropriate dilution. Blots were washed
5U10 min with TBST+BSA and incubated with
horseradish peroxidase-conjugated anti-mouse or
anti-rabbit IgG. Following extensive washing with
TBST, protein bands were visualized by enhanced
chemiluminescence (ECL, Amersham).
2.7. Triton X-114 extraction
Triton X-114 extraction was performed as de-
scribed by Bordier [31]. Parotid lysates or subcellular
fractions (300 Wl) were adjusted to 1% Triton X-114
and incubated at 4‡C for 30 min. The samples were
then layered over a solution of 6% sucrose, 10 mM
Tris-HCl (pH 7.4), 150 mM NaCl and 0.06% Triton
X-114 and incubated at 30‡C for 3 min. Following
centrifugation (300Ug for 3 min), the aqueous and
detergent phases were collected and immunoblotted
for Rab3D as described above.
2.8. Release of Rab3D from parotid membranes by
recombinant rab-GDI
Parotid membranes were prepared as described
above. To determine whether rab-GDI can remove
Rab3D from parotid membranes, the membranes
were incubated with bu¡er alone or containing 50
Wg/ml recombinant rab-GDIK for 60 min. Following
centrifugation (100 000Ug for 40 min), the superna-
tant and membrane fractions were immunoblotted
for Rab3D.
2.9. Immunohistochemistry
Parotid glands were excised and ¢xed in 4% par-
aformaldehyde-0.1% glutaraldehyde for 1 h at 4‡C.
The tissue was in¢ltrated with 30% sucrose-PBS for
18 h at 4‡C, then frozen on dry ice. Frozen sections
(10 Wm) were cut on a Leitz cryostat and stored on
glass slides at 320‡C. After incubation in PBS con-
taining 3% BSA and 1% goat serum (BSA/GS) for 1 h
to block non-speci¢c binding, cells were incubated
with non-immune rabbit serum or rabbit antibody
against Rab3D (1:200 dilution in BSA/GS) for 1 h.
After extensive washing with BSA/GS, the cells were
incubated with goat anti-rabbit IgG coupled to rhod-
amine (Cappel; 1:100 dilution in BSA/GS), then
mounted in 90% glycerol-PBS. Stained cells were ex-
amined and photographed with a Zeiss microscope
equipped with epi£uorescence and phase optics.
2.10. Amylase release
Acini were suspended in incubation medium and
incubated in the presence or absence of a speci¢c
secretagogue. The incubation was terminated by cen-
trifugation (10 000Ug for 20 s) and an aliquot of the
supernatant was removed and assayed for amylase
activity using the Phadebas Amylase Test according
to the manufacturer’s instructions. An aliquot of the
acinar suspension was lysed with 0.2% Triton X-100,
diluted and assayed to determine total amylase activ-
ity. Amylase secretion is presented as the percentage
of cellular amylase activity present in cells at the
beginning of the incubation that was released into
the medium.
2.11. Redistribution assays
The e¡ects of secretagogues on the subcellular lo-
calization of Rab3D was examined in dispersed pa-
rotid acini. Acini were suspended in incubation me-
dium and incubated in the presence or absence of a
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speci¢c secretagogue for 30 min at 37‡C. The incu-
bation was terminated by centrifugation (10 000Ug
for 20 s) and the cell pellet resuspended in cold son-
ication bu¡er. Cytosol and membrane fractions were
prepared as described above. Relative amounts of
Rab3D in the subcellular fractions were determined
by immunoblotting and densitometry using NIH Im-
age 1.61 software.
Rab3D redistribution was also examined by inject-
ing either saline or isoproterenol (5 mg/rat) intra-
peritoneally to fasted rats. The rats were killed 1 h
after injections and parotid acini were prepared. Rel-
ative levels of Rab3D in the cytosolic and membrane
fractions were determined as described above.
3. Results
3.1. rtPCR cloning of Rab3 isoforms in rat parotid
gland
Rab3 isoform expression in rat parotid gland was
examined by rtPCR using degenerate rab3-speci¢c
primers. Brain and parotid gland RNA were reverse
transcribed and the cDNA subjected to PCR. As
shown in Fig. 1A, anV200 bp product was obtained
from brain and parotid cDNA, indicating that
mRNA for at least one rab3 isoform is present in
the parotid gland. To determine which Rab3 iso-
forms are expressed in rat parotid gland, the PCR
fragment obtained from parotid cDNA was cloned
and the inserts of ¢ve clones were sequenced. The
nucleotide and amino acid sequences obtained (Fig.
1B) were 100% identical to the Rab3D sequences
obtained from mouse adipocytes [12]. No other
Rab3 isoform sequences were obtained.
3.2. Subcellular localization of Rab3D in rat parotid
gland
To further examine Rab3 protein expression in the
parotid gland, cytosolic and membrane fractions
were prepared from dispersed parotid acini and im-
munoblotted with antibodies speci¢c for Rab3 iso-
forms A, B, C and D. Antibodies speci¢c for Rab3
isoforms A, B and C did not detect any bands in the
Fig. 1. (A) RtPCR of rat brain and parotid RNA using Rab3-speci¢c primers. Rab3 expression in rat parotid gland was examined by
rtPCR using degenerate rab3 speci¢c primers. Brain and parotid gland RNA were reverse transcribed and the cDNA subjected to
PCR. An V200-bp product was obtained from brain (lane 1) and parotid (lane 2) cDNA. (B) Nucleotide and deduced amino acid se-
quence of the rtPCR product obtained from rat parotid gland. The rab3 rtPCR fragment obtained from parotid was cloned and se-
quenced. The nucleotide and deduced amino acid sequences are presented.
BBAMCR 14482 29-6-99
R.D. Ra¡aniello et al. / Biochimica et Biophysica Acta 1450 (1999) 352^363356
expected molecular weight range in parotid subcellu-
lar fractions (not shown), whereas Rab3D-speci¢c
antiserum recognized a 28 kDa protein in membrane
and cytosolic fractions (Fig. 2A). These ¢ndings are
consistent with the results obtained by rtPCR and
indicate that Rab3D is the major Rab3 isoform ex-
pressed in parotid acini. Although the relative levels
of Rab3D varied considerably among di¡erent prep-
arations, the highest levels were consistently observed
in the membrane fraction (55^75% total cellular
Rab3D). Since Rab3 proteins are usually associated
with secretory vesicles in neurons and zymogen gran-
ules in exocrine cells, we prepared zymogen granules
from rat parotid glands and immunoblotted the solu-
ble and membrane components of the granules for
Rab3D. As shown in Fig. 2B, Rab3D immunostain-
ing was enriched in parotid zymogen granule mem-
branes.
Lipid modi¢cation (geranylgeranylation) of Rab
proteins is essential for their membrane association
and function. To determine whether Rab3D is gera-
nylgeranylated in parotid acini, lysates and subcellu-
lar fractions were extracted with Triton X-114 and
immunoblotted for Rab3D. Geranylgeranylated and
non-geranylgeranylated Rab3D will partition into
detergent and aqueous phases, respectively. Re-
combinant Rab3D, which was prepared in E. coli
and is not lipid-modi¢ed, partitioned into the aque-
ous phase (not shown). As shown in Fig. 3A, in all
fractions examined Rab3D partitioned almost exclu-
sively into the detergent phase, indicating that
Rab3D is geranylgeranylated in the parotid.
Membrane-associated Rab proteins are solubilized
in the presence of excess rab-GDI [32]. However, the
speci¢c interactions between Rab3D and rab-GDI
have not been examined. To determine whether
rab-GDI can remove Rab3D from parotid mem-
branes, the membranes were incubated with bu¡er
alone or containing 50 Wg/ml recombinant rab-
GDIK for 60 min. Following centrifugation, the
supernatant and membrane fractions were immuno-
Fig. 2. (A) Immunoblotting of Rab3D in subcellular fractions.
Membrane (M) and cytosolic (C) fractions were prepared from
dispersed parotid acini and immunoblotted for Rab3D as de-
scribed in Section 2. Values on right indicate positions of mo-
lecular weight markers. (B) Enrichment of Rab3D on parotid
zymogen granule membranes. Equal amounts of protein (20 Wg)
from the parotid post-nuclear supernatant (PNS), zymogen
granule preparation (G), zymogen granule membrane (GM) and
soluble (GS) fractions were immunoblotted for Rab3D as de-
scribed in Section 2.
Fig. 3. (A) Triton X-114 extraction of lysate and subcellular
fractions prepared from dispersed parotid acini. Acinar lysates
and subcellular fractions were extracted with Triton X-114.
Aqueous (Aq) and detergent (Dt) fractions were immunoblotted
for Rab3D. Value on right indicates position of the 28 kDa
molecular weight marker. (B) E¡ect of recombinant rab-GDP
dissociation inhibitor (GDI) on membrane-associated Rab3D.
Parotid membranes were incubated in the absence (NA) or
presence (GDI) of 50 Wg/ml recombinant rab-GDIK for 60 min.
Following centrifugation, the supernatant (S) and membrane
(M) fractions were immunoblotted for Rab3D.
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blotted for Rab3D. In the absence of rab-GDI,
Rab3D remains associated with the membranes,
whereas in the presence of rab-GDI, the majority
of Rab3D was extracted into the supernatant (Fig.
3B). These results provide further evidence that the
protein detected with the Rab3D-speci¢c antisera is a
Rab protein and suggest that membrane-association
of Rab3D can be regulated by rab-GDI in the paro-
tid gland.
3.3. Immunocytochemical staining of Rab3D in rat
parotid gland
The distribution of Rab3D in parotid gland was
determined by immuno£uorescence microscopy. Ex-
amination of frozen sections stained with Rab3D-
speci¢c antisera demonstrated that Rab3D was local-
ized to the apical cytoplasm of secretory acinar cells
with the staining being con¢ned primarily to regions
immediately adjacent to the slit-like lumens (Fig. 4).
Low levels of Rab3D were observed in some duct
cells and are not presented here. Immunostaining
was not observed in the absence of Rab3D antisera
(not shown).
3.4. Agonist-induced amylase secretion and
redistribution of Rab3D in dispersed parotid acini
Agonist-induced redistribution of Rab proteins has
been observed in synaptic terminals [17,33] and adi-
pocytes [34]. Since agonist-induced amylase secretion
in parotid acinar cells occurs via fusion of secretory
granules with the plasma membrane, we examined
the e¡ects of cAMP- and calcium-dependent secreta-
gogues on the subcellular localization of Rab3D.
Treatment of dispersed acini with isoproterenol (1
WM), a L-adrenergic agent, resulted in a s 4-fold
increase in amylase secretion within 10 min,with al-
most 50% of total cellular amylase being released by
30 min (Fig. 5A). In contrast, substance P (1 WM), a
calcium-dependent agonist, only stimulated a 2-fold
increase in amylase release (Fig. 5A). Since simulta-
neous stimulation of cAMP- and calcium-dependent
pathways results in a potentiated secretory response,
we examined the e¡ects of isoproterenol and sub-
stance P, individually and in combination, on amy-
lase release from dispersed acini. In the presence of
both agents, amylase release was greater than the
value obtained by addition of the individual re-
sponses indicating synergistic stimulation of secretion
had occurred (Fig. 5B).
The e¡ect of isoproterenol and substance P on the
subcellular distribution of Rab3D was examined.
When dispersed acini were incubated with isoproter-
enol (1 WM), a decrease in cytosolic Rab3D and a
concomitant increase in membrane-associated
Fig. 4. Immunohistochemical localization of Rab3D in parotid
acinar cells. Frozen sections of rat parotid gland were stained
with antibody against Rab3D. Corresponding phase (A) and
immuno£uorescence (B) micrographs demonstrate that Rab3D
was localized to the apical region of secretory acinar cells (ar-
rows). Bar, 20 Wm.
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Rab3D was observed by immunoblotting (Fig. 6).
This redistribution was not due to agonist-induced
degradation of Rab3D since the cellular levels of
Rab3D (total Rab3D in the cytosol and membrane
fractions) did not di¡er between stimulated and non-
stimulated acini. The e¡ects of isoproterenol and
substance P, individually and in combination, on
the subcellular distribution of Rab3D were also ex-
amined. When dispersed acini were incubated with
substance P, a small decrease in cytosolic Rab3D
was observed, but this decrease was not statistically
signi¢cant (Table 1). When acini were incubated with
both agents simultaneously, Rab3D redistribution
was similar to that observed with isoproterenol alone
(Table 1).
Fig. 5. (A) E¡ect of isoproterenol and substance P on amylase
release: time course. Dispersed parotid acini were incubated at
37‡C with no additions, isoproterenol (1 WM) or substance P (1
WM) for the times indicated. (B) E¡ect of isoproterenol and
substance P, alone and in combination, on amylase release. Dis-
persed parotid acini were incubated at 37‡C with no additions
(NA), isoproterenol (IP; 1 WM), substance P (SP; 1 WM) or
both agonists (SP+IP) for 20 min. The dashed line indicates the
calculated additive value for amylase release in the presence of
both agonists. Values for amylase release are expressed as per-
cent of total cellular amylase present at the start of the incuba-
tion that was released into the medium at the times indicated.
In each experiment, values were determined in duplicate and re-
sults shown are means þ S.E.M. from at least three experiments.
Fig. 6. E¡ect of isoproterenol on the subcellular distribution of
Rab3D in dispersed parotid acini. Dispersed parotid acini were
incubated at 37‡C with incubation bu¡er containing no addi-
tions (NA) or 1 WM isoproterenol (IP) for 20 min. Cytosolic
(C) and membrane (M) fractions were prepared and immuno-
blotted for Rab3D. (A) Relative levels of Rab3D in cytosolic
and membrane fractions. Values represent mean þ S.E.M. from
¢ve experiments. *Indicates value is signi¢cantly (P6 0.05) dif-
ferent from control (NA). (B) Representitive immunoblot of
subcellular fractions of parotid acini incubated with no addi-
tions (NA) or 1 WM isoproterenol (IP) for 20 min.
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The e¡ect of isoproterenol on the subcellular dis-
tribution of Rab3D was also examined by injecting
rats fasted overnight with saline or 5 mg isoproter-
enol. Injection with isoproterenol results in the re-
lease of amylase and a marked decrease in the num-
ber of zymogen granules per cell [35]. Agonist-induce
alterations in the subcellular localization of Rab3D
in isoproterenol-injected rats were even more pro-
nounced than those observed in dispersed parotid
acini. In these experiments, relative levels of cytosolic
Rab3D in parotid acinar cells decreased from
34 þ 3% to 4 þ 3% in rats injected with isoproterenol
(Fig. 7). In contrast to Rab3D, the subcellular dis-
tribution of rab-GDIK was not altered by isoproter-
enol injection (not shown). Taken together, these
data indicate that redistribution of Rab3D accompa-
nies amylase release in parotid acinar cells and sug-
gest a role for Rab3D in agonist-induced secretion.
4. Discussion
In the present study, Rab3 isoform expression was
examined at the mRNA and protein level in the pa-
rotid gland. Our results indicate that Rab3D is the
major Rab3 isoform expressed in parotid gland and
is localized to zymogen granule membranes in acinar
cells. Although initially cloned from adipocytes [12],
Rab3D is expressed in numerous exocrine cells, in-
cluding chief cells and pancreatic acinar cells, and is
localized to the secretory granules in these tissues
[18^21]. Interestingly, Rab3D is also expressed in
AtT-20 cells, a neuroendocrine cell line, but, unlike
Rab3A, is not localized to the secretory vesicles in
these cells [36]. Because of its association with secre-
tory granules in exocrine cells, Rab3D has been pro-
posed to be involved with regulated exocytosis.
Although Rab3D is expressed in most exocrine cell
types, prior to performing these studies a complete
characterization of Rab3 isoform expression had not
been done in parotid acinar cells. Rab3B, for exam-
ple, is expressed in epithelial cells and may play a
role in apical and/or junctional protein tra⁄c [37].
Since parotid acinar cells are polarized epithelial
cells, there was a good possibility that Rab3B could
be expressed in parotid. AR42J cells resemble pan-
creatic acinar cells following dexamethasone treat-
Table 1
E¡ect of isoproterenol and substance P on the subcellular local-
ization of Rab3D
Agonist Rab3D (% total)
Cytosol Membrane
No additions 26.3 þ 3.3 73.7 þ 3.3
Isoproterenol 13.7 þ 0.3* 86.3 þ 0.3*
Substance P 19.3 þ 1.4 80.8 þ 1.4
Isoproterenol and substance P 14.0 þ 0.4* 86.0 þ 0.4*
Dispersed acini were incubated with no additions or the indi-
cated agonist(s) (1 WM) for 20 min at 37‡C. The acini were pel-
leted (10 000Ug, 20 s) and resuspended in cold lysing bu¡er.
Cytosolic and membrane fractions were prepared and immuno-
blotted for Rab3D as described in Section 2. Relative levels of
Rab3D in the subcellular fractions were determined by densi-
tometry. Values represent means þ S.E.M. of at least three ex-
periments. *Values are signi¢cantly di¡erent from control (no
additions; P6 0.05).
Fig. 7. E¡ect of isoproterenol injection on the subcellular distri-
bution of Rab3D in rat parotid gland. Rats were fasted over-
night, then injected with either saline or 5 mg isoproterenol. 1 h
after injection, parotid acini were prepared. Levels of Rab3D in
cytosolic (C) and membrane (M) fractions were determined by
immunoblotting. (A) Relative levels of Rab3D in cytosolic and
membrane fractions. Values represent mean þ S.E.M. from at
least three experiments. *Indicates value is signi¢cantly
(P6 0.05) di¡erent from control (saline injected). (B) Represen-
titive immunoblot of subcellular fractions of parotid acini from
rats injected with saline or isoproterenol (IP).
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ment and have been used to study Rab3 isoform
expression. All four Rab3 isoforms were detected in
AR42J cells by Northern blotting following dexame-
thasone treatment [38]. Moreover, both Rab3D and
Rab3B are expressed in mast cells [29]. Our observa-
tions demonstrate that no other Rab3 isoforms were
detected in parotid acini by rtPCR or Western blot-
ting. Although the possibility remains that other
Rab3 isoforms are expressed in parotid at levels
that were not detected by our methods, our results
indicate that Rab3D is the only isoform expressed in
parotid acinar cells.
Membrane association is essential for Rab protein
function. Newly synthesized Rab proteins are gera-
nylgeranylated in the cytosol and then delivered to a
speci¢c membrane compartment. In parotid acini,
s 55% of cellular Rab3D is membrane-associated
under basal conditions and the majority of cytosolic
and membrane-associated Rab3D partitions into the
detergent fraction following extraction with Triton
X-114, suggesting that nascent cellular Rab3D is im-
mediately geranylgeranylated. These results are con-
sistent with what has been observed in pancreatic
acinar cells [39]. However, in gastric chief cells pre-
pared from guinea pig stomach, detectable levels of
non-geranylgeranylated Rab3D are present in the cy-
tosol [40]. Non-modi¢ed Rab3D exists as a monomer
and is not bound to Rab escort protein (REP) or
rab-GDI, whereas geranylgeranylated cytosolic
Rab3D is complexed with REP, not rab-GDI in gas-
tric chief cells [40]. In parotid acinar cells, a signi¢-
cant portion (30^40%) of Rab3D is cytosolic. We are
currently examining the interactions between cyto-
solic Rab3D and Rab accessory proteins like rab-
GDI and REP in parotid acinar cells.
Rab-GDI is an accessory protein which: (1) inhib-
its GTP binding to Rab proteins; (2) is involved with
the cycling of Rab proteins between the membrane
and cytosol; and (3) is often complexed to cytosolic
Rab proteins [7,41^43]. At least two rab-GDI iso-
forms are expressed in the parotid gland, one of
which is associated with the membrane fraction
([44]; Chan, Lin and Ra¡aniello, unpublished obser-
vations). In the present study we demonstrated that
recombinant Rab-GDIK can displace Rab3D from
parotid membranes, suggesting that rab-GDI is ca-
pable of altering the subcellular distribution of
Rab3D. Whether or not rab-GDI isoforms expressed
in parotid regulate Rab3D function and localization
in vivo remains to be established.
Since amylase secretion involves the fusion of zym-
ogen granule and plasma membranes, the e¡ect of
secretagogues on Rab3D localization was examined.
Isoproterenol stimulated the release of almost 50% of
the total cellular amylase from dispersed parotid aci-
ni in 30 min and caused a decrease in cytosolic
Rab3D with a concomitant increase in membrane-
associated Rab3D. On the other hand, substance P,
a less e⁄cacious secretagogue, did not signi¢cantly
alter Rab3D localization. Although stimulation with
both agonists resulted in a potentiated secretory re-
sponse, Rab3D redistribution was similar to that ob-
served with isoproterenol alone. These results indi-
cate that the potentiated secretory response is not
due to enhancement of Rab3D redistribution in the
presence of both agonists, but other yet to be de¢ned
factors. Redistribution of Rab3D from the cytosol to
the membrane fraction was also observed when
fasted rats were injected with isoproterenol.
The redistribution of Rab3D and other Rab3 iso-
forms has been examined in other secretory cells,
including exocrine cells as well as neuronal-derived
cells. In these studies, the translocation of Rab3 pro-
teins from the cytosol to the membrane fraction has
not been observed. In fact, redistribution of synaptic
vesicle-associated Rab3A and Rab3C to the cytosol
(i.e. membrane to cytosol redistribution) was ob-
served in isolated nerve terminals following stimula-
tion of neurotransmitter release [17,33]. In carbachol-
treated pancreatic acini, an increase in immunoreac-
tivity of a Rab3-like protein on the Golgi complex
was detected by immunogold electron microscopy.
However, cytosolic levels of the Rab3-like protein
were not altered [18]. In rats stimulated by short-
term feeding following 16 h of fasting, a decrease
in Rab3D immunostaining of gastric chief cell zym-
ogen granules was observed, which may re£ect the
loss of secretory granules during exocytosis [21].
These ¢ndings and the data in the present study sup-
port a model in which the actions of Rab3 proteins
involve movement between the cytosolic and mem-
brane compartments during exocytosis. However, it
is apparent that the nature of this redistribution
varies with respect to the Rab3 isoforms present
and the tissue being studied. It should be noted
that the redistribution of small GTP-binding proteins
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from the cytosol to the membrane is not unprece-
dented. Agonist-induced redistribution of Rab5 and
Arf1 from the cytosol to the membrane fraction has
been observed in neutrophils and parotid acinar cells,
respectively [45,46].
What is the signi¢cance of agonist-induced cytosol
to membrane Rab3D redistribution during stimu-
lated secretion in parotid acini? One possibility is
that cytosolic Rab3D is being recruited to the mem-
branes of newly forming zymogen granules to replen-
ish those that have fused with the plasma membrane.
This is consistent with the observed increase of a
Rab3-like protein on the trans-Golgi network of pan-
creatic acinar cells following stimulation with carba-
chol [18]. Ultrastructural immunolocalization studies
will be required to determine the target membrane
compartment(s) for cytosolic Rab3D in isoprotere-
nol-stimulated parotid acini. The molecular mecha-
nisms involved with Rab3D redistribution in parotid
gland are presently unclear. Redistribution of Rab3D
may require guanine nucleotide exchange, as well as
interactions with accessory proteins like REP, rab-
GDI or e¡ector proteins on the plasma membrane.
In addition, several studies indicate that isoprotere-
nol-induced secretion is mediated by the activation of
protein kinase A and protein phosphorylation [2,47].
Hence, Rab3D redistribution may involve phosphor-
ylation of one or more proteins which regulate its
membrane association and guanine nucleotide bind-
ing. Consistent with this notion is the observation
that at least one isoform of rab-GDI is phosphory-
lated and this phosphorylation a¡ects its ability to
bind Rab proteins [48].
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